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Why the H-dibaryon?
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Quark bag model: A stable dibaryon

I Stable dibaryon with:
I = 0, S = −2, JP = 0+

I Proposed in 1976:
I deep binding → exp. excluded
I shallow binding → possible

I Interesting question for lattice QCD
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Experimental constraints: The ”Nagara”-event

”Nagara”-event at KEK (2001):

I discovery of a 6
ΛΛHe double

hypernucleus

EΛΛ = 6.91± 0.16MeV.

I strong constraint on the existence of
the H-dibaryon, since

mH

!
> 2mΛ − BΛΛ

I i.e. its binding energy EH must be
smaller than EΛΛ

I due to the absence of 6
ΛΛHe→4 He+H
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The lattice perspective

I Shallow binding EH < 7MeV is a challenge for lattice QCD

I But: H is a good stepping stone calculation for lattice multi-hadron
systems and lattice nuclear physics

I Number of Wick contractions required goes like N =
∏Nf

i Nqi !

I The H = udsuds has N = 2!2!2! = 8 Wick contraction terms
I Can be done even by brute force
I Ideal test-bed for advanced contraction algorithms

I No antiquarks in the operator ⇒ No need for all-to-all propagators
(counter example: ππ-systems)

I Rule of thumb: Operators with heavy quarks are less noisy
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The H-dibaryon as a laboratory: ∆∆ from WASA@COSY

I Evidence of a resonance (dibaryon?) in the ∆∆ channel at COSY

I Here we have ∆∆ = uuuuuu with 6! = 720 Wick contraction terms

I Much harder for lattice ⇒ Gain experience with udsuds
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Rcent lattice calculations

I Past lattice efforts have found a bound H-dibaryon at Mπ > Mphys.
π

I It is not clear yet if it is bound or unbound at the physical point

Group Method Nf Nvol Mπ[MeV] BH [MeV]
HALQCD B-B potentials 3 1 1171 49.1(3.4)(5.5)

3 1015 37.2(3.7)(2.4)
1 837 37.8(3.1)(4.1)
1 672 33.6(4.8)(3.5)
1 469 26(4.4)(4.8)

NPLQCD 2pt 3 3 806 74.6(3.3)(3.4)
2+1 4 390 13.2(1.8)(4.0)

1 230 -0.6(8.9)(10.3)

I Our search so far has been focused on Nf = 2 ensembles with
Mπ = 451MeV and Mπ = 1GeV → here only Mπ = 1GeV shown
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Our ongoing search
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Local six-quark interpolating operators

We use six parity-projected quarks to form six-quark interpolating
operators of the form:

[abcdef ] = εijkεlmn(bTi Cγ5P+cj)(eTl Cγ5P+fm)(aTk Cγ5P+dn),

In the case mu = md , two operators can be formed in this way that
couple to the H-dibaryon:

H1 =
1

48
([sudsud ]− [udusds]− [dudsus])

H27 =
1

48
√

3
(3[sudsud ] + [udusds] + [dudsus]) ,

these belong to the singlet and 27-plet irreps of flavour SU(3)f .
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Contractions using a blocking algorithm

An efficient way to contract the six-quark operators into correlation
functions is to use a blocking algorithm:

I Form blocks of three propagators contracted into a color-singlet at
the source

B(α1, ξ
′
1, ξ
′
2, ξ
′
3) = εc1,c2,c3 (Cγ5P+)α2α3Sl(ξ1, ξ

′
1)Sl(ξ2, ξ

′
2)Ss(ξ3, ξ

′
3)

I Then sum over all permutations when contracting at the sink

[sudsud ] = (Cγ5P+)αβ × εc′1,c′2,c′3εc′4,c′5,c′6 (Cγ5P+)α′
2α

′
3
(Cγ5P+)α′

5α
′
6∑

σu,σd ,σs

B(α, ξ′σu(1), ξ
′
σd (2), ξ

′
σs (3))B(β, ξ′σu(4), ξ

′
σd (5), ξ

′
σs (6))
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Boosting the calculation: All-mode averaging

I Computing the propagator is the most costly part of the calculation
I AMA: Reduce the precision of propagator on multiple source

locations ⇒ correct the introduced bias via

O = Ohigh prec.
x0

−Olow prec.
x0

+
1

N∆x

∑
∆x

Olow prec.
x0+∆x

I Depending on the ensemble we gain a factor ∼ 1.5− 2 in speed

Sink Smearing

29.5

Deflation

5.4Contractions

14.4

Inversion

50.7

Sink Smearing

29.5

Deflation

5.4Contractions

14.4

Inversion

14.4

36.3

Truncated Solver
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Results: E1 ensemble

I L = 32, T = 64 at a = 0.063fm

I Mπ = 1GeV and MπL = 10

I Nconf = 168

I One high precision/low precision propagator solves for AMA bias

I Nsrc = 128 with low precision solves

I Double statistics using P+ and P− for the forward/backward
propagating states

I In total this makes:

168× 128× 2 = 43008 measurements

I κs = κud implies no mixing between the singlet and 27-plet irreps

I Multiple sets of smearing ⇒ GEVP for ground state determination
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Results: Effective masses

1.20

1.25

1.30

1.35

1.40

1.45

1.50

1.55

1.60

0 5 10 15 20

a
m

eff

t/a

medium H1

(N,M) 2× 2 GEVP
2mΛ, medium

2mΛ

2mΛ − 35 MeV
2mΛ − 75 MeV

I At this point: No bound state seen with local six-quark operators
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Results: Extending the basis

This was the status of our study using local six-quark operators, as
presented at Lat’14. Possible issues:

I Insufficient statistics? Finite volume effects?

I Quenched strange quark

But, most importantly,

I we used only 〈qqqqqq(x), q̄q̄q̄q̄q̄q̄(0)〉 operators

Now, we extend our analysis and

I include 〈qqq(x)qqq(y), q̄q̄q̄q̄q̄q̄(0)〉 operators,

I more specifically, we compute the SU(3)f singlet combination:

H1 = − 1√
3

ΛΛ + ΣΣ +
2√
3

ΞN
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Results: Hint of a bound state
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I At this point: Hint of a bound state using the new operators
I Next step, combine both analyses (combined fit? Matrix Prony?)
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Summary
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Summary

Status

I H-dibaryon is an interesting challenge for lattice QCD

I Laboratory system for learning to do e.g. the ∆∆ or nuclear physics

I On our heavy (Mπ = 1GeV) lattice we
I calculated 〈qqqqqq(x), q̄q̄q̄q̄q̄q̄(0)〉 operators
I extended our basis to 〈qqq(x)qqq(y), q̄q̄q̄q̄q̄q̄(0)〉 operators

⇒ Hint of bound state

Outlook

I Combine analyses to determine ground state

I Reduce the mass (again) to Mπ = 451MeV (E5) and further to
Mπ = 270 (F7)
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Lots to do!
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